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Automatic Exploration and Morphometry/MorphologyAssessment of Medical Image DatabasesAlexandre Guimonda,b, Gérard Subsolb, Jean Meuniera, and Jean-Philippe ThirionbaDépartement d'Informatique et de Recherche OpérationnelleUniversité de Montréal, Montréal, Québec H3C 3J7 CanadabInstitut National de Recherche en Informatique et AutomatiqueSophia Antipolis 06902 FranceABSTRACTThe design of representative models of the human body is of great interest to medical doctors. Qualitative informationabout the characteristics of the brain is widely available, but due to the volume of information that needs to beanalyzed and the complexity of its structure, rarely is there quantication according to a standard model. Toaddress this problem, we propose in this paper an automatic method to retrieve corresponding structures from adatabase of medical images. This procedure being local and fast, will permit navigation through large databases in apractical amount of time. We present as examples of applications the building of an average volume of interest andpreliminary results of classication according to morphology.Keywords: image database, exploration, volume of interest (VOI), average patient, medical atlas, classication,registration, magnetic resonance imaging (MRI)1. INTRODUCTION
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comparisonsFigure 1. Volume of interest extraction and comparison are theprincipal ideas behind medical image database exploration.






















Figure 2. Classication of dierent transforma-tion classes.














2.2. Our matching methodThe matching method we developed diers from previous work by conning itself to a VOI. This has several advan-tages. It corresponds to doctors' need of studying particular brain structures. It also reects the assumption thatgross anatomical shape is only inuenced by neighboring bodies. Finally, the database investigation must be fast.Using sub-images will help us achieve this end.We propose a new method to quantify dierences between subjects in a localized volume of the brain using athree step approach that progressively renes the matching:1. A global matching between the entire data sets.2. A regional matching between corresponding VOIs.3. A local matching in a voxel's neighborhood.The matching procedure we use works as follows: given two images and a transformation class T , the algorithmdelivers a mapping function M to warp a model image Im onto a scene image Is. In order to be less sensitive tothe intensity values, a global bias and gain between the intensities of the two images can also be estimated by thealgorithm. This gives us results qualitatively similar to Refs. 22,23 but with an implementation one or two orders ofmagnitude faster. More details can be found in Refs. 12,24.3. BRAIN STRUCTURE VARIATIONS3.1. Types





Figure 3. Morphometrical andmorphological dierences.
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Figure 4. VOI extraction method using the reference image and adatabase entry.






































Figure 5. Matrix combination to change the reference image.
An interesting aspect of our work is the com-bination of those transformations by way of 44matrices in homogeneous coordinates, and op-tionally a displacement eld derived from localvariations, to end up with a single transforma-tion and therefore a single resampling of the rawimages.It is also possible to completely eliminate therst part of the procedure since, for a given ref-erence image, these transformations do not de-pend on the VOI denition. They can be pre-computed to save time. Moreover, when thereference image changes, instead of recomput-ing the whole set of global transformations, it is sucient to combine them with the transformation that brings theold reference image onto the new one (see Figure 5).4.2. Data sets
Figure 6. Coronal slice of each image composing the database.Images are numbered from 1 to 10 when counting from left to right,top to bottom.
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(d) VOIs after all morphometrical corrections.Figure 7. VOI Extraction




























andFigure 8. Procedure to build an average VOIfrom a set of images.
Figure 9 shows dierent kinds of average VOIs of the right tem-poral lobe. The rst image is the reference VOI and is shownonly for comparison purposes. To its right is a simple averageof the VOIs taken from each subject previous to any warping,putting forward the dierent patient positions during the acqui-sition. The third image presents the average of correspondingvolumes of the database. Structures which are morphologicallystable appear well contrasted while unstable ones are fuzzy. Therst image of the second line is the average of the VOI intensitiesafter elimination of morphometrical dierences. Deforming thisimage with the average backward displacement eld creates animage that represents the mean intensity and morphometry of the database, or the average VOI. It has the remark-able property of being an average image while not suering from severe smoothing. Finally, we present the varianceof the backward deformation 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Figure 9. Dierent types of average patients.First line: Original reference VOI; average of the10 VOIs before any processing; average VOI afterexclusion of global and regional morphometricaldierences. Second line: average VOI withoutmorphometrical dierences (mean intensity); aver-age backward deformation applied to the averageVOI without morphometrical dierences (mean in-tensity and morphometry); variance of the averagebackward deformation. See the text for explica-tions.
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(a) Average VOI obtained from free-form registration (seeFigure 9 for explanations. The positions of the second andthird images of the second line have been interchanged forcomparison purposes.).
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(b) Left: original ventricles. Right: morphometrical average ventri-cles of the database.Figure 10.rst step of a feasibility study. Furthermore, the images at our disposal are of normal subjects. Consequently, weare not trying to evaluate pathologies or nd anomalies.
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Volume of interest (VOI)Figure 11. A sliceof the VOI and workingspace. Only the work-ing space is consideredfor comparisons.


















: Few zero-crossingsFigure 12. The stochastic sign-change criterion.
5.2.3. ResultsThe SSC values and correlation coecients are shown sortedin Table 1. We also present, using this ordering, the workingspaces used for computations in Figures 13(a) and 13(b). Eachof these gures contains two non-adjacent slices of the VOIs toget a better understanding of the tridimensional structure. Theyshow the importance of our three dimensional approach since onewould probably change this ordering by only looking at one slice.The ordering obtained with the SSC criterion and with cor-relation are similar up to minor permutations. The only largedierence has to do with I1 which is identied as having themost dierent morphology using the SSC criterion and is placefth using correlation. By looking at both slices of this VOI, wecan see that it is quite similar to I10. Hence, preliminary resultsseem to indicate that correlation would be more appropriate toevaluate morphological dierences than the SSC criterion. Inlight of those results, comparisons based on mutual informationtechniques are expected to give good classications.Although in this case we used an elastic registration proce-dure before classication, when assuming negligible morpholog-ical variations, this classication method can be used on cor-responding VOIs thus using only ane transformation for registration purposes. In this case, an order on localmorphometrical dierences would be obtained.Image SSC value (normalized)10 1.0004 0.3257 0.3156 0.3059 0.2855 0.2843 0.2822 0.2798 0.2711 0.268
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First slice
Second slice
(a) Classication using the SSC criterion. Two volume slices are shown.
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Second slice
First slice
(b) Classication using correlation. Two volume slices are shown.Figure 13. Classications.
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